
PCT/6B 19 J / 0 2 4 6 3 



Office 09/744 




WH KPatent ORQ3"__ 



Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptroller-General . 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



ation under the Companies Act does not constitute a new legal entity but merely 
e company to certain additional company law rules. 




Dated 6 September 1999 



An Executive Agency of the Department of Trade and Industry 



BEST AVAILABLE COPY 



THIS PAGE BLANK (uspto> 



Pater *s Form 1/77 

Patents Act 1977 
(Rule 16) 




6 



quest for grant of a patent 

(See the notes on the back of this form. You can also get 
an explanatory leaflet from the Patent Office to help 
you fill in this form) 



Patent 
Office 



The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 1RH 



1 . Your reference 



4063 DTD/PM96009 



2. Patent application number 

(The Patent Office will fill in this part 



9816505.3 



'2 9 JUL 1998 



3. Full name, address and postcode of the or of 

each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Exxon Chemical Patents, Inc, 
1900 East Linden Avenue, 
Linden, 

New Jersey 07036, 

United States of America. 

U.S.A. , New Jersey 



4. Title of the invention 



Processes for Manufacture of 
Molecular Sieves 



5. Name of your agent Of you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 



Abel & Imray 

Erthumber^nd Hou^e, 
3-306 Hi^h Holb^rn, 
ndon, #C1V 7LH : 



Abel & Imray 

20 Red Lion Street 

LONDON 

WC1R4PQ 



Patents ADP number Of you know it) 



1 74001 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and Of you know it) the or 
each application number 



Country 



Priority application number 
(if you know it) 



Date of tilin g 
(day / month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



Is a statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Yes 



Patents Form 1/77 



Patents Form 1/77 

9. Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 



28 




Claims 
Abstract 



5 
1 



Drawings 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 
Translations of priority documents 
Statement of inventorship and right 

to grant Of a patent (Patents Form 7/77) 

Request for preliminary examination 

and search (Patents Form 9/77) 



Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 



11. 



I/We request the grant of a patent on the basis of this application. 
Signature /Vio^l f2L- — . . Date 



Abel & Imray 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



D.T. Darby 
0171 242 9984 



Warning ^ 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 



d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For. details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 




1 



PROCESSES FOR MANUFACTURE OF MOLECULAR SIEVES 

This invention relates to molecular sieves and processes 
5 for their manufacture. More especially it relates to 

processes in which synthesis mixtures are seeded to control 
process conditions and product characteristics. The 
invention relates primarily to the manufacture of zeolites 
and other crystalline molecular sieves. Examples of the 
10 latter include phosphorus-containing molecular sieves whether 
or not they have zeolite analogues. 

It is well-known that seeding a molecular sieve 
synthesis mixture frequently has beneficial effects, for 
example in controlling the particle size of the product, 
15 avoiding the need for an organic template, accelerating 

synthesis, and improving the proportion of product that is of 
the intended structure type. Colloidal seeds, i.e., these 
with a particle size of at most about 400, especially at most 
300, preferably at most 200, and most preferably at most 
20 100 nm, have proved especially effective - see, for example, 
International Application Nos . WO 97/03019, 03020 and 03021, 
and EP-A-753483, 753484 and 753485. 

Normally, the seeds used are of the same compos i tier, and 
structure type as the molecular sieve it is desired to 
25 produce although, when very small proportions of seeds are 
present as in the above-mentioned specifications and in 
WO 93/08124, it is possible to use seeds of the same 
structure type but of different composition. (When seeds of 
the same structure type are used, whether or not of the same 
30 composition, such seeding may be regarded as iso-s tructural . } 
On occasions, however, .such seeds may not be available or may- 
give undesirable results, while an unseeded mixture also 
gives undesirable results, as will be discussed in more 
detail below. 



It has now surprisingly been found that seed crystals ol 
a structure type different from that of the desired molecular^ 
sieve may be used with advantage in the manufacture of 
molecular sieves. Such seeding may be regarded as "hetero- 
5 structural" . 

As used in this specification, the term "structure type" 
is used in the sense described in the Structure Type Atlas, 
Zeolites 17, 1996. 

The present invention accordingly provides in a first 

10 aspect a process for the manufacture of a crystalline 

molecular sieve, which comprises forming a synthesis mixture 
having a composition appropriate for formation of a molecular 
sieve of a first structure type and containing seed crystals 
of a second, different, structure type, and subjecting the 

15 seed-containing synthesis mixture to hydrothermal treatment 
for a time sufficient and at a temperature appropriate to 
form the desired molecular sieve. 

In a second aspect, the invention provides the use, in 
the synthesis of a crystalline molecular sieve of a first 

20 structure type by hydrothermal treatment of a synthesis 

mixture suitable for the manufacture of that molecular sieve, 
of seed crystals of a crystalline molecular sieve of a 
second, different, structure type to control the particle 
size of the product. 

25 In a third aspect, the invention provides the use, in 

the synthesis of a crystalline molecular sieve of a first 
structure type by hydrothermal treatment of a synthesis 
mixture suitable for the manufacture of that molecular sieve, 
of seed crystals of a crystalline molecular sieve of a 

30 second, different, structure type to accelerate ihe formation 
of the product. 

In a fourth aspect, the invention provides the use, in 
the synthesis of a crystalline molecular sieve of a first 
structure type by hydrothermal treatment of a synthesis 
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mixture suitable - for. the manufacture of that molecular sieve, 
of seed crystals of a crystalline molecular sieve of a 
second, different, structure type to effect synthesis in the 
substantial absence of an organic template. 
5 In a fifth aspect, the invention provides the us.e, in 

the synthesis of a crystalline molecular sieve of a first 
structure type by hydrothermal treatment of a synthesis 
mixture suitable for the manufacture of that molecular sieve, 
of seed crystals of a crystalline molecular sieve of a 

10 second, different, structure type to produce a product with 
enhanced phase purity. 

In a sixth aspect, the invention provides the use, in 
the synthesis of a crystalline molecular sieve of a first 
structure type by hydrothermal treatment of a synthesis 

15 mixture suitable for the manufacture of that molecular sieve, 
of seed crystals of a crystalline molecular sieve of a 
second, different, structure type to direct the synthesis to 
the formation of a desired structure type. 

It was stated above that an unseeded synthesis mixture, 

20 or an iso-structurally seeded mixture, may give undesirable 
results. An example of this is given by a synthesis mixture 
suitable for producing a crystalline molecular sieve of the 
MFI structure type. This synthesis mixture is prone to yield 
a product in which many of the crystals are twinned. At the 

25 boundary or boundaries in twinned crystals, stacking faults 
exist which are such that they obstruct the pores through 
which molecules to be treated in some way, for example 
converted or separated, are to pass. This reduces the 
effectiveness of the molecular sieve, especially when the 

30 sieve is in the form of a layer, for example a membrane. It 
would therefore be of advantage if a molecular sieve of a 
structure type prone to yield twinned crystals could be made 
with a reduced incidence of twinning. 
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It has now unexpectedly been found that the inclusion on 
seeds of a second structure type in the synthesis mixture for 
a crystalline molecular sieve of a first structure type 
improves the crystallinity, more especially the internal 
5 crystallini ty, of the product. 

More especially, the presence of *BEA seeds in an MFI 
structure type synthesis mixture will improve the 
crys tallinity of the resulting MFI product. 

Accordingly, in a seventh aspect, the invention provides 
10 the use, in the synthesis of a crystalline molecular sieve of 
a first structure type by hydrothermal treatment of a 
synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 
sieve of a second, different structure type to produce a 
15 product with improved crystallini ty as shown by, for example, 
reduced twinning. 

In an eighth aspect, the invention provides the use, in 
the synthesis of a crystalline molecular sieve of a first 
structure type by hydrothermal treatment of a synthesis 
20 mixture suitable for the manufacture of that molecular sieve, 
of seed crystals of a crystalline molecular sieve of a 
second, different structure type to control the morphology of 
the product of the first structure type. 

Examples of this aspect are the use of LEV seeds to give 
25 an OFF/ERI structure type, especially Linde Zeolite T, of 

disk-like morphology and OFF seeds to give the same material 
a needle-like morphology. 

As molecular sieves to be prepared by the process of the 
first aspect of the invention, there may be mentioned more 
30 especially zeolites, aluminophosphates , and 

silicoaluminophosphates . As examples of structure types 
produced there may be mentioned more especially molecular 
sieves of the structure types MAZ, CHA, MOR, OFF, MFS, FER, 
TON, EUO and ERI/OFF and ZSM-48, not yet assigned a structure 
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type. As seeds, there may for example be used crystals of 
structure type LEV, OFF, MFI, *BEA, MAZ, and CHA. 

The seeds used in the present invention may be obtained 
by methods described herein or known in the art or described 
5 in the literature. 

Apart from the presence of the seeds of different 
structure type, the synthesis mixture used in the present 
invention is in certain aspects of the invention one that is 
known in the art or as described in the literature as 

10 suitable for the production of the molecular sieve concerned 
except that the presence of the seeds may obviate the need 
for an organic template. This is also the case for the 
conditions of hydrothermal treatment, except that the 
presence of the seeds may make possible the reduction of 

15 reaction times or may obviate stirring if that were otherwise 
necessary. 

However, in certain aspects of the invention, the 
presence of seeds of a second structure type will cause a 
synthesis mixture which in the absence of seeds would yield a 

20 crystalline molecular sieve of a third structure type to 
yield a crystalline molecular sieve of a desired first 
structure type. 

More especially, the invention provides a process or use 
in which OFF structure type seeds are used in the manufacture 

25 of a crystalline molecular sieve of CHA structure type from a 
synthesis mixture which, if unseeded, would yield a 
crystalline molecular sieve of the FAU structure type. 

In other aspects, the presence of seeds of a second 
structure type will cause a synthesis mixture which in the 

30 absence of seeds would not yield a crystalline molecular. 

sieve at all (e.g., one that will produce- only an amorphous 
product) to yield a crystalline molecular sieve of a desired 
first structure type. 
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In general, hydro thermal treatment is advantageously | 
carried out under autogenous pressure, for example in an 
autoclave, for example a stainless steel autoclave which may, 
if desired, be ptfe-lined. The treatment may, for example, be 
5 carried out at a temperature within the range of from 50, 
advantageously from 90, especially 120, to 250°C, depending 
on the molecular sieve being made. The treatment may, for 
example, be carried out for a period within the range of from 
20 to 200 hours, preferably from 50 to 100 hours, again 
10 depending on the molecular sieve being formed. The procedure 
may include an ageing period, either at room temperature or, 
preferably, at a moderately elevated temperature, before the 
hydrothermal treatment at more elevated temperature. The 
latter may include a period of gradual or stepwise variation 
15 in temperature. 

For certain applications, the treatment is carried out 
with stirring or with rotating the vessel about a horizontal 
axis (tumbling) . For other applications, static 
hydrothermal treatment is preferred. If desired, the 
20 synthesis mixture may be stirred or tumbled during an initial 
part of the heating stage, for example, from room temperature 
to an elevated, e.g., the final treatment, temperature, and 
be static for the remainder. Agitation generally produces a 
product with a smaller particle size and a narrower particle 
25 size distribution than static hydrothermal treatment. 

The seeds are advantageously present in the synthesis 
mixture in a concentration of up to 2000, for example from 1 
to 2000, preferably 100 to 1500, and more preferably 100 to 
350, ppm, by weight, based on the total weight of the 
30 synthesis mixture. Although it is within the scope of the 
invention to use larger seeds, e.g., conventional powder 
seeds, the seeds are advantageously of particle size of at 
most 500 nm (in the case for example of needles or platelets, 
it is the smallest dimension that is referred to), as such 



being regarded as near-colloidal, and preferably at most 400 
nm, and more preferably of at most 100 nm, as such being 
regarded as colloidal. If the product is desired in small 
particle size form, a larger number of smaller sized seeds is 
5 desirably employed. Seeds may advantageously be added in the 
form of a suspension, advantageously in water or another 
constituent of the synthesis mixture, or they may less 
preferably be added in dried form. 

More especially, the invention provides processes an 

10 uses in which LEV structure type seeds are used in the 
manufacture of a crystalline molecular sieve of the MFS 
structure type, for example Z3M-57, of the CHA structure 
type, for example chabazite, Linde D, Linde R, SSZ-13, 
SAPO-34, A1PO-34, MeAPO-34, MeAPSO-34, E1APSO-34, or 

15 E1APO-34, of the OFF structure type, for example offretite, 
of the MOR structure type, for example mordenite, of the MAZ 
structure type, for example mazzite, Zeolite omega, or ZSM-4, 
of the FER structure type, for example ferrierite, FU-9, 
ISI-6, NU-23, ZSM-21, ZSM-35 or ZSM-38, of the EUO structure 

20 type, for example EU-1, TPZ-3 or ZSM-50, or of the ERI/OFF 
structure type, for example zeolite Linde T or ZSM-34. 

A stable suspension of LEV structure type crystals is 
novel; the invention accordingly further in a ninth aspect 
provides a suspension of a LEV structure type molecular 

25 sieve, the mean particle size of which is at most 100 nm . 
The stable suspension of LEV may be obtained by 
synthesizing a LEV structure type molecular sieve by 
hydrothermal treatment of an appropriate synthesis mixture, 
and separating the product from the synthesis mixture, 

30 washing the product, and recovering the resulting wash 
1 iquid . 

Examples of the LEV structure type include levyne, NU-3, 
ZK-20 and ZSM-45. 



The invention further provides processes and uses in 
which OFF structure type seeds, especially offretite itself, 
are used in the manufacture of a crystalline molecular sieve 
of the CHA structure type, as exemplified above, of the MAZ 
5 structure type, as exemplified above, or of the MFS structur 
type, for example ZSM-57. 

The invention further provides processes and uses in 
which MFI structure type seeds, for example silicalite, are 
used in the manufacture of a crystalline molecular sieve of 
10 the MOR structure type, for example mordenite. 

The invention further provides processes and uses in 
which *BEA structure type seeds, for example zeolite P or 
NU-2, are used in the manufacture of a ZSM-48 or EU-2 
crystalline molecular sieve, or one of the MFI structure 
15 type, for example silicalite, or one of the EUO structure 
type, as exemplified above. 

The invention further provides processes and uses in 
which MAZ structure type seeds, as exemplified above, are 
used in the manufacture of a crystalline molecular sieve of 
20 the OFF structure type, for example offretite. 

The invention further provides processes and uses in 
which CHA structure type seeds, as exemplified above, are 
used in the manufacture of a crystalline molecular sieve of 
the OFF structure type, for example offretite. 
25 In each case, advantageously the seeds used are of 

particle size (least dimension measured) at most 500 nm, 
preferably at most 400 nm, more preferably at most 200 nm an 
most preferably at most 100 nm. 

The invention also provides the products of the 
30 processes and of the uses of the earlier aspects of the 

invention. The products, if required after cation exchange 
and/or calcining, have utility as catalyst precursors, 
catalysts, and separation and absorption media. They are 
especially useful in numerous hydrocarbon conversions, 
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separations and absorptions. They may be used alone, or -in 
admixture with other molecular sieves, in particulate form, 
supported or unsupported, or in the form of a supported 
layer, for example in the form of a membrane, for example as 
5 described in WO 94/25151. Hydrocarbon conversions include, 
for example, cracking, reforming, hydrofining, aromatization, 
oligomer isation, isomerizat ion, dewaxing, and hydrocracking 
(e.g., naphtha to light olefins, higher to lower molecular 
weight hydrocarbons, alkylation, transalkylat ion, 

10 disproportionation or isomer! zation of aromatics) . Other 

conversions include the reaction of alcohols with olefins and 
the conversion of oxygenates to hydrocarbons. 

The following Examples, in which parts are by weight 
unless otherwise indicated, illustrate the invention. The 

15 source and purity of starting materials are those first 
given, unless indicated otherwise. 

Example . 1 

20 This example illustrates the manufacture of a LEV-type 

zeolite of particle size suitable for use as seeds in the 
manufacture, inter alia, of CHA, OFF, MAZ, FER, MFS, EUO and 
ERI/OFF structure types. 

In a first stage, 15.95 parts of sodium aluminate 

25 (Dynamit Nobel, 53 % Al : 0 Jf 41 % Na : 0, 6 % H 2 0) , 19.95 parts 
of sodium hydroxide (Baker, 98.6 %) and 5.58 parts of 
potassium hydroxide (Baker, 87.4 %) were dissolved in 151.06 
parts of water, and heated to boiling until a clear solution 
was obtained. After cooling to room temperature, water loss 

30 was compensated, to form Solution A. 270.60 parts of 
colloidal silica (Ludox HS40, 40 % SiO : ) were mixed with 
106.12 parts of choline chloride ( R, Fluka) forming a viscous 
mass, and Solution A added with stirring at increasing speed 
as the viscosity decreased, together with 190 parts of rinse 
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water, mixing then continuing for a further 5 minutes. The 
molar composition was: 

1.95 Na 2 O:0.24 K 2 0 : 0 . 4 6 Al 2 O 3 :10 Si0 2 :4.187 R:155 H 2 0 . 

5 

To 290 parts of this mixture, 0.49 parts of conventional 
LEV zeolite seeds were added, and a sample transferred to an 
autoclave, where it was heated in a 120°C oven for 144 hours. 
The product was washed, recovered by centrifuging and dried 
10 overnight at 120°C. The product comprised spherical 

aggregates of from 2 to 2.5 urn, made up of -100 nm particles, 
with an X-ray diffraction pattern (XRD) of ZSM-45, a zeolite 
of LEV-type structure, as described in EP-A-107 370 (Mobil) . 
The product was used as seeds in the next stage, in 
15 which 8.38 parts of sodium aluminate, 10.53 parts of sodium 
hydroxide, 2.96 parts of potassium hydroxide, and 78.95 parts 
of water were treated as described above to form a Solution 
A. Solution A was then added to a mixture of 142.42 parts 
of colloidal silica and 55.5 parts of choline chloride, 
20 together with 100.00 parts of rinse water and mixed as 

described above, with the addition of 0.68 parts of the first 
stage seeds. The reaction mixture was heated in an 
autoclave at 120°C for 174 hours, the product recovered by 
washing, centrifuging and drying having an XRD similar to 
25 that of the first stage. The second supernatant of the 

washing procedure was not clear, and had a pH of 10.3. It 
was found to be a dispersion with a solids content of 2.3 * . 
Analysis by scanning electron microscopy (SEM) and XRD showed 
-100 nm crystals with a ZSM-45 structure, LEV structure type. 

30 

Example 2 

This example illustrates the manufacture of a chabasite 
dispersion suitable for use, in turn, for seeding in 



• • • 
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SAPO-34 manufacture by iso-s t ructural seeding (not 
described). The seeds were prepared as follows: 

A synthesis 'mixture was prepared as described in the 
first part of Example 1, except that as seeds the near- 
colloidal product from the second supernatant of the second 
part of Example 1 was used, at a seeding level of 0.15% by 
weight of solids. The seeded synthesis mixture was heated in 
a stainless steel autoclave for 96 hours at 120°C, with a 
heat-up time of 3 hours. The product, recovered by 
centrifuging and drying, had an XRD pattern corresponding to 
ZSM-45. The first supernatant was not clear and yielded, 
after centrifuging at 11000 rpm and further washing, a 
dispersion with solids content 4.6%, of crystals of size 
about 100 nm/ XRD showing the product to be ZSM-45, a LEV 
structure-type zeolite . 

Solution A was prepared as described in Example 1 using 
the following components, in the proportions shown: 



NaOH 61.66 
KOH 2 8.73 

Al(OH) 3 (Alcoa, 99.3 %) 15.73 
H 2 0 190.30 

300.23 parts of colloidal silica and 168.89 parts of 
water were poured into a mixer, and Solution A added together 
with 12.65 parts of rinse water. After mixing for 5 
minutes, 16 parts of the 4.6 * solids LEV slurry were added. 
The molar composition of the synthesis mixture was: 

3.8 Na 2 0:1.12 K : 0 : 0 . 5 Al. : 0 3 :10 Si0 2 :161 H : 0, 
with 927 ppm seeds. 



The synthesis mixture was heated in an autoclave to 
100°C over 2 hours, and maintained at that temperature for 96 



10 



15 



12 

hours. After cooling, the content of the autoclave, a milk 
suspension, was washed five times with demineralized water 
and centrifuged at 9000 rpm. After taking a sample for XRD 
and SEM, the remainder was redispersed to form a near- 
colloidal solution, stable over several days, with a solids 
content of 6.4 %. The XRD of the product shows it to be 
chabasite, with a uniform particle size 100 x 400 nm. 

Example 3 

This example illustrates the manufacture of SAPO-34 of 
small particle size and uniform size distribution. 

A synthesis mixture was prepared from the following 
components in the proportions shown. 

Solution Component Proportion 

A A1 : 0 3 (Pural SB Condea 75%) 68.18 

HrO 100.02 

B H; ; P0, (Acros, 85%) 115.52 

H:0, 80.27 

C Colloidal Silica (Ludox AS40) 22.73 

H : 0, rinse 10.20 

D TEAOH (Eastern Chemical, 40%) 182.85 

E DPA (Fluka) 8 0.23 

F Seeds, 4.6 Wt.% LEV 31.95 

Slurry A was prepared in a mixer, and Solution B added, 
when a viscous solution resulted. After leaving the solution 
to rest for 2 minutes, 26.84 parts of rinse water were added. 
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After mixing the paste for 6 minutes, C was added, and mixed 
for 2 minutes before adding Solution D. Upon adding E with 
70.72 parts of rinse water two phases were formed. After a 
further 3 minutes mixing a visually homogeneous solution 
5 resulted and after a further 10 minutes mixing the seeds F 
were added. The molar composition was: 



A1 2 0 3 :P20 5 : 0.3 S i0 2 : TEAOH : 1 . 6 DPA: 5 6 H 2 0 . 
+ 1860 ppm by weight LEV seeds. 

10 

The seeded gel was heated for 60 hours at 175°C in a 
stainless steel autoclave. The solid product was recovered 
by centrif ugat ion, washed 11 times with water to a 
conductivity of about 18 us/cm, and dried at 120°C. XRD and 
15 SEM showed a pure SAPO-34 product with crystals between 0.2 
and 1.3 jam, with a few crystals between 2 and 3pm. Chemical 
analysis indicated a product of molar composition: 



20 



A1 2 0 3 : 0.99 P : 0~ : 0.36 SiO : 

Example 4 



This example illustrates the use of colloidal Offretite 
seeds in the manufacture of SAPO-34. The colloidal 
25 Offretite was prepared as described in Example 2 of WO 

97/03020. A synthesis mixture was prepared as described in 
Example 3, with the following molar composition: 

AI-O3 : P 2 0 5 : 0.3 SiO : : TEAOH : 1.6 DPA : 51 H 2 0 . 

30 

To this was added a portion of a 5.36 % solids content 
colloidal offretite slurry (crystal size below 100 nm) to 
give a seeding level of 203 ppm. Hydrothermal treatment and 
product recovery were carried out as described in Example 5. 
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The product obtained was pure SAPO-34, the particle size of 
crystals being mainly between 0.2 and 1.3 jam, with a few 
crystals between 2 and 3 jam present. 

5 Example 5 

This example illustrates the use of powdered LEV, 
contaminated with some Offretite, in SAPO-34 manufacture. 
To the same synthesis mixture prepared for use in Example 4 

10 were added a LEV powder in a proportion to give a seed level 
of 217 ppm. The powder was mixed into the synthesis mixture 
gel by shaking the gel in a polypropylene bottle for 2 
minutes. Hydrothermal treatment and product recovery were 
carried out as described in Example 4. The product was cure 

15 SAPO-34, with the majority of the crystals of size between 
0 . 5 and 2 . 5 |_im . 

Example 6 

20 This example illustrates the use of colloidal LEV 

structure type seeds in manufacturing another non-LEV 
zeolite, in this case mordenite. 

7.20 parts of NaOH, 26.90 parts of KOH (87.3%), 11.52 
parts of Al(OH) 3 and 75 parts of water were boiled until a 

25 clear solution was obtained, cooled, and water added to 

compensate for the weight loss on boiling to provide solution 
A. 229.83 parts of Ludox AS40 were combined with 255.93 
parts of water in a beaker, to which was added a solution of 
68.70 parts of TEAOH in 100.02 parts of water. Finally 

30 solution A was added; rinse water totalling 25.41 parts was 
also added. A smooth gel resulted, of molar composition: 



1.22 TEAOH:0.58 Na : 0:1.37 K 2 O:0.47 Al-.O 3 :10 Si0 2 :235 H : 0. 
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The synthesis mixture was divided, and to one sample, A, 
a colloidal LEV slurry, contaminated with some OFF, total 
solids content 4:6 % was added to give a seed level of 201 
ppm. The other sample, B, remained unseeded. 
5 Both synthesis mixtures were put into stainless steel 

autoclaves, and heated to 150°C over 2 hours. Sample A was 
maintained at that temperature for 96 hours, sample 3 was 
maintained at that temperature for 240 hours, with samples 
being taken at 48 and 96 hours. 
10 After 96 hours, crystals had settled on the bottom of 

the autoclave containing sample A. XRD and SEM analysis of 
the product recovered showed MOR, with crystal sizes between 
0.2 and 1.0 pirn, contaminated by a few OFF needles. 

The 48 and 96 hours product samples from Sample B were 
15 amorphous; the 240 hours product contained MOR crystals of 
size range between 5 and 10 urn, with amorphous material and 
OFF needles contamination. The Sample A product analysed: 

Si0 2 : A1 2 0 3 ., 15.5 : 1. 

20 

The sample shows that seeding with colloidal LEV 
accelerates the formation of mordenite and reduces the 
crystal size . 

2 5 Example 7 

This example further illustrates the use of LEV seeds in 
the manufacture of a non-LEV material, in this case 
ferrierite. 

30 7 - 21 parts of NaOH, 26.92 parts of KOH, 11.31 parts of 

Al(OH) 3 and 75.02 parts of water were boiled until a clear 
solution was obtained, cooled, and water loss on boiling 
compensated to provide solution A. 229.87 parts of Ludox 
AS40 and 407.85 parts of water were poured into the beaker of 
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a mixer and solution A added, together with 14.18 parts of m 
rinse water, and mixed for 10 minutes to provide a smooth gel 
synthesis mixture of the molar composition: 

5 0.58 Na 2 0 : 1.37 K 2 0 : 0.47 A1 2 0 3 :10 Si0 2 : 235 H 2 0. 

The synthesis mixture was divided, and to one sample, A, 
the colloidal LEV slurry used in Example 6 was added to give 
a seed level of 207 ppm. The other part, Sample B, was 

10 unseeded. The samples were hydrothermal ly treated at the 
temperatures and times given in Example 6. 

After 96 hours, crystals had settled on the bottom of 
the sample A autoclave. XRD and SEM analysis of the 
recovered product showed FER, in flake type crystals of abcu" 

15 2 jam length, contaminated with OFF needles. Chemical 
analysis gave Si0 2 : A1 2 0 :: of 15.6 : 1. 

The 48 and 96 hours product samples from sample B were 
amorphous. After 240 hours, the sample 3 product contained 
FER crystals in admixture with amorphous material. 

20 The examples show that organic template-free manufacture 

of ferrierite is accelerated by colloidal LEV crystals, and 
flake crystals result. 

Examples 8 to 10 

25 

These examples illustrate the use of LEV colloidal seeds 
to make FER zeolite without the use of an organic template, 
and the effect of using two different seed concentrations. 
A template- free synthesis mixture of the following molar 
30 concentration was prepared: 

2.16 K 2 0 : 0.46 A1 : 0, : 10 SiO.-. : 157 H 2 0 

and divided into three parts, samples A, B and C. 
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Sample A was unseeded. 

Samples B and C (Examples 8 and 9) were seeded with a 
colloidal LEV seed slurry to levels of 260 ppm (Example 8) 
and 500 ppm (Example 9) . Each sample was placed in a 
5 stainless steel autoclave, and heated at 200°C for 96 hours. 
Unseeded Sample A produced an amorphous product, while both 
Samples B and C produced the desired FER zeolite. The product 
of Sample C had. a Si0 2 : Al-Oj molar ratio of 10 : 1. In a 
similar manner, a seeding level of 1000 ppm was used to 
10 produce, from a synthesis mixture (Example 10) having a molar 
composition of: 

2.16 K 2 0 : 0.35 A1 :: CK : 10 SiO : : 162 H 2 0, 



15 a FER zeolite with a SiO : : A1 2 0 3 molar ratio of 13 : 1. 



Example 11 



This example illustrates the use of colloidal LEV seeds 
20 to produce a different morphology of FER zeolite. 

A synthesis mixture of the molar composition: 

0.45 Na 2 0 : 3.1 pyridine : 0.166 A1 2 0 3 : 10 5i0 2 : 145 H->0 



25 was prepared and divided into two parts. One, Sample A, was 
seeded with sufficient 4.6 * LEV slurry to give a seed level 
of 224 ppm. The other part, Sample 3, was left unseeded. 
Both samples were placed in a stainless steel autoclave and 
heated in two hours to 150°C and maintained at- 150°C for 140 

30 hours. The unseeded product was largely amorphous, with 

traces of ZSM-5. The LEV-seeded product was pure ZSM-35, a 
FER structure type zeolite, with a flat plate-like 
morphology . 
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Example 12 I 

This example illustrates the effect of seeding level on 
particle size of FER . 
5 A synthesis mixture similar to that of Example 1, first 

stage, was prepared, having a molar composition as follows: 
1.95 Na 2 0 : 0.23 K 2 0 : 0.46 A1 2 0 3 : 10 Si0 2 : 4.15 choline 
chloride : 157 H 2 0. 

This mixture was divided, to one sample, A, were added 
10 sufficient colloidal LEV seed slurry prepared as in Example 3 
to give a seeding level of 200 ppm, while the other sample, 
B, had a seeding level of 600 ppm. 

Each sample was heated at 150°C for 48 hours. The 
products, analysed by XRD and SEM, were identified as ZSK-3 8, 
15 a FER-type zeolite, as described in U.S. Patent No. 4 046 
859. In both cases, the crystals were intergrown plates, 
with the crystal size depending on seeding level; 600 pp.™ 
giving a mean crystal size of 0.7 jim, while 200 ppm gave a 
mean crystal size of 1.0 jam. 

20 

Example 13 

This example illustrates the use of colloidal LEV seeds 
to produce a Linde Zeolite T, of type structure ERI /OFF, and 
25 to control the morphology of the product. 

The synthesis mixture used in Examples 8 to 10 was 
seeded with 200 ppm of the LEV slurry used there, and 
hydrothermal treatment carried out at 120°C instead of the 
200°C used in those examples. The product was a disk-like 
30 crystallite of an intergrowth of ERI/OFF zeolite, known as 
Linde Zeolite T, as described in U.S. Patent No. 4 126 813. 
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Example 14 

This example i llus trates " the control of particle size by 
seeding with LEV in the manufacture of a MAZ structure tvpe 
5 zeolite. 32.38 parts of NaOH (98.6%) and 22.71 parts of 
A1(0H) 3 (98.5%) were dissolved in 63.37 parts of water by 
boiling, the solution cooled, and water loss compensated to 
form solution A. 17.60 parts of tetramethyl ammonium 
chloride (TMAC1, 98%) were dissolved in 24.04 parts of water 

10 at room temperature in a high shear mixer and 218.78 parts of 
colloidal silica (Ludox HS-40, 40%) added with stirring over 
2 minutes, then 5.38 parts of a 4.6% aqueous colloidal LEV 
solution, prepared as in Example 3, added and mixed for 3 
minutes. Solution A was then added with 27.19 parts rinse 

15 water, and stirred in for 5 minutes, to give a paste-like gel 
with a molar composition of : 

2.7 4 Na 2 0: 0.98 A1 2 0 3 : 1.1 TMAC1 : 10SiO 2 : 101 H 2 Q 
with 600 ppm LEV seeds. 

20 

380 parts of gel were heated in a plastic bottle fitted 
with a condenser in a 98°C oilbath for 135 hours. The 
resulting product was washed five times with 700 parts of 
water to a pH of 10.9, the product dried at 120°C (yield 89.5 

25 parts) and calcined in air for 24 hours at 510 to remove the 
TMA, weight loss 9.2%. Product yield: 21.4%, XRD analysis 
showed an excellently crystalline TMA-MAZ and SEM showed 
uniform 500 nm spherical agglomerates consisting of 
nanocrystalli tes . 

30 An unseeded but otherwise identical synthesis mixture 

subjected in the same hydro thermal treatment yielded a TMA- 
MAZ product slightly contaminated with TMA-sodal i t e , formed 
of spherical particles with a broad size distribution (about 
0.3 to 2.5 [im) . 
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Example 15 

This example' illustrates the control of particle size by 
seeding with colloidal OFF in the manufacture of a MAZ 
5 structure type zeolite. 

Example 14 was repeated but using a colloidal OFF 
suspension, prepared as described in WO 97/03019, to give a 
synthesis mixture of molar composition: 

10 2.74 Na 2 0: 0.99 Al--0 :i : 1.1 TMAC1 : 10SiO^: 101 H c O 

with 600 ppm OFF seeds. 

The product was excellently crystalline TMA-MAZ 
consisting of 0.2 to 0.3 urn agglomerates of 30 to 50 nm 
15 crystallites. 

Example 16 

This example illustrates how seeding, with colloidal 
20 OFF, directs a zeolite Y synthesis mixture to yield a CHA 
structure zeolite . 

A synthesis mixture was prepared following the procedure 
described in Example 14, but of molar composition: 

25 2.74 Na 2 0: 0.99 A1; : 0.: 10SiO 2 : 101 H ; 0 . 

One sample of the synthesis mixture was seeded with 630 
ppm colloidal OFF seeds, the other remained unseeded. Both 
samples were aged for 67.5 hours then heated in a 9S°C 
30 oilbath, the seeded sample for 192 hours, the unseeded one 
for 172.5 hours . 

The seeded sample mother liquor was unclear after 
heating, indicating very small crystallite formation; XRD 
analysis of the product showed a diffuse chabasite pattern, 
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shown by SEM to be sub-micron agglomerates of nano-sized 
crystallites. The comparative, unseeded, sample consisted of 
zeolite Y (structure type FAU) . 

5 Example 17 

This example illustrates the effect of colloidal MFI 
seeds in mordenite synthesis. 

Following the procedure described in Example 14, a 
10 synthesis mixture was prepared with a molar composition as 
follows : 



seeded with a colloidal silicalite suspension (prepared as in 
WO 93/08125) to give a 610 ppm seeding level. The samples in 
autoclaves were heated to 160°C in an oven. After both 130 
and 2 60 hours the unseeded sample yielded an amorphous 
20 product. The seeded sample was heated for 202 hours, and the 
resulting product was excellently crystalline mordenite.. TGA 
showed the product to be large port mordenite (7.53% toluene 
absorbed after 60 minutes desorption with N 2 . ) . 

2 5 Examples 18 and 19 

These examples illustrate particle size control of 
zeolite ZSM-48 using colloidal P seeds. 

The seeds were prepared by forming a synthesis mixture 
30 of the following molar composition using tet rae t hylammomium 
hydroxide (TEAOH) as template: 



2.60 K 2 0: 0.30 A1 2 0^ : 10SiO : : 201 H 2 0 



15 



One sample of the mixture was unseeded and a second 



2.73 (TEA) ,0: 0.22 Ai.O,: 10SiO : : 19H 2 0 



22 

The mixture, in a condenser-equipped plastic bottle, wa| 
heated for 37 days in a 70°C oilbath to give a slurry of 
solids content 16.64%. The product was centrifuged, washed 
with water, and the precipate redispersed to give a 0.5% 
5 aqueous seed dispersion. 

A synthesis mixture was prepared using 1 , 6-diaminohexane 
(R, 97%) as template and Ludox AS-40 as the colloidal silica 
source. The molar composition was : 

10 0.71 Na 2 0: 3.04R: 10SiO r : 377 H-0 

One sample (Example 18) of the mixture was seeded with 
the colloidal p suspension to a seeding level of 0.105% and 
the other (Example 19) to a level of 50 ppm. The samples 

15 were heated in autoclaves in a 150°C oven for 20 hours. The 
products were washed with water to pH of 9.5, dried at 120°C 
and calcined for 20 hours at 510°C. Both products were 
excellently crystalline pure ZSM-48. The Example 18 material 
was intergrown rice-like particles of about 0.4 urn length, 

20 which in turn consisted of crystallites of between 50 and 
125 nm. The product of Example 19 had a particle size of 
about 1 . 0 \im. 

In a comparative example, the same synthesis mixture, 
seeded with 174 ppm of powdered ZSM-48, was hydrothermally 
25 treated at 150°C for 40 hours. The product, washed to a pH 
of 10.1 and dried at 120°C, was excellently crystalline pure 
ZSM-48, in the form of rice-like particles between 4 and 5 (.im 
long, with no twinning. 
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Example 20 

This example illustrates particle size control of 
offretite using near-colloidal TMA-MAZ seeds prepared in a 
5 way similar to those prepared in Example 3. 

A synthes is mixture was prepared, using TMAC1 as the 
template and Ludox HS40 as colloidal silica source. The 
molar composition was : 

10 2.2 K 2 0: 1.00 TMAC1 : 1.0 Al r 0 3 : 10SiO 2 : 163 H?0 

One sample was left unseeded, and another seeded with a 
near-colloidal 0.43% solids suspension of TMA-MAZ to a level 
of 600 ppm. Each was placed .in an autoclave and maintained 
15 at 150°C for 43 hours. The seeded sample produced of 1.0 to 
1.5 um crystallites of pure OFF. The unseeded sample 
consisted of OFF slightly contaminated by zeolites K-L and W 
The crystals were significantly larger, with a broader size 
distribution :3 to 6 urn) . 

20 

Examples 21 and 22 

These examples illustrate the use of colloidal LEV and 
near-colloidal CHA seeds in controlling the particle size of 
25 offretite. 

A synthesis mixture was prepared using TMACl as the 
template and Ludox AS40 as silica source. The molar 
composition was : 

30 2.3 K z O: TMACl: A1 : 0 3 : 10SiO>: 160 H 2 0 . 



One sample (Example 21) was seeded to a level of 202 ppm 
using a 4.6% solids content dispersion of colloidal LEV (see 
Example 3) . The mixture was heated in an autoclave at 150°C 
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for 8 hours. The product was pure OFF, with crystals having I 
a narrow size distribution, about 1 \im. 

Another sample (Example 22) was seeded to a level of 310 
ppm using an 11% solids content of near colloidal CHA, 
5 prepared as described in Example 2. The mixture was heated 
in an autoclave at 150°C for 24 hours. The product was pure 
OFF, with crystals of about 3 jam. 

A further sample was left unseeded, and heated for 150°C 
for 48 hours. The product was pure OFF, with particle sizes 
10 ranging between 1 and 5 jam. 

Examples 23 and 24 

These Examples illustrate the use of colloidal OFF and 
15 LEV seeds to control purity and particle size in ZSM-57 
manufacture . 

A synthesis mixture was prepared using N, N, N, N' , N' , N' 
hexaethylpentane diammonium bromide (R) as template, Ludcx 
HS 40 as silica source, and Al 2 ( SO., ) -< . 1 8H 2 0 as alumina source. 
20 The molar composition was; 

R: 2Na 2 0: 0.17 A1 : 0 3 : 10SiO 2 : 399.4 H 2 0 

A first sample (Example 23) seeded with colloidal OFT to 
25 a level of 221 ppm was heated at 160°C in an autoclave. 

After 144 hours the product was still XRD amorphous but by 
196 hours pure ZSM-57 was recovered; crystal morphology was 
platelets, 200 nm to 2 |_tm. 

A second sample (Example 24) seeded with 175 ppra 
30 colloidal LEV was heated at 160°C for 144 hours. The product 
was fully crystalline ZSM-57, with particle size abcut 1 urn. 

A third sample was left unseeded, and heated a~ 160°C. 
Crystallization did not start until 14 days. After 24 days 
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the product was a mixture of ZSM-57, quartz and other 
crystalline phases, the ZSM-57 material was platelets of 
about 3 jim diameter, mixed with other crystallites. 

5 Examples 25 and 26 

These Examples illustrate the use of colloidal LEV seeds 
in the manufacture of a FER type zeolite, ZSM-3S. 

A synthesis mixture was prepared using sodium aluminate 
10 (Nobel, 53% A1 2 0 3 , 41% Na 2 0) as the alumina source, Ludox 

HS 40 as the silica source and choline chloride (R,Aldrich) 
as template. The mixture had the molar composition: 

1.95 Na 2 0: 0.24 K 2 0: 0.46 A1 2 0 3 : 10SiO 2 : 4.17R: 157 H 2 C 

15 

One sample was used unseeded, a second (Example 25) was 
seeded with a 4.6% solids content slurry of near-colloidal 
LEV to a 200 ppm loading. Both samples were heated in 
autoclaves at 150°C. After 71 hours the unseeded sample was 
20 still amorphous. After 43 hours, the seeded sample had 
produced ZSM-38, an FER structure type zeolite (see U.S. 
Patent No. 4 046 859), crystal size (intergrown plates) abou~ 
1 . 0 jim . 

A third sample (Example 26) was similarly seeded but :c 
25 a loading of 0.06%. After being similarly heated, the 

product was similar to that of Example 25, but the crystal 
size was smaller, at about 0.7 (_im. 

Example 27 

30 

In this example colloidal OFF seeds are used in the 
manufacture of an ERI/OFF structure type zeolite, and to 
control the morphology of the product. 
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A synthesis mixture was formed using Ludox HS 40 as 
silica source and choline chloride (R) as template. The 
molar composition was: 

2.16 K 2 0: 4.17R 0.46 A1 : 0 3 : 10SiO 2 : 157 H 2 0 . 



One sample was left unseeded, the other was given a 
0.02% loading of OFF seeds. Both samples were heated in an 
autoclave for 96 hours at 120°C. The product of the unseeded 
10 mixture was amorphous, the seeded mixture yielded needle-like 
crystals of zeolite T, an intergrowth of ERI and OFF zeolite, 
as described in U.S. Patent No. 4 116 813. 




Example 28 



15 



This example illustrates the improvement in 
crys tallinity resulting from heteros tructural seeding. 

A synthesis mixture was prepared from 2.99 parts of NaOH 
(98.6%), 450.88 parts of demineralized water, 23.26 parts of 
20 tetrapropylammonium bromide (TPABr) and 249.27 parts of 
silica gel (Ludox HS-40), to give a mixture of molar 
composition : 

0.23 Na 2 0 : 0.53 TPABr : 10SiO 2 : 201 H 2 0 

25 

To 51.5 parts of the synthesis mixture were added 1.74 
parts of a slurry containing 16.64% solids of * BEA crystals, 
of 80 nm particle size, to give a seed concentration of 
0.56%. The seeded mixture was heated during 30 minutes in a 
30 polypropylene bottle to 90°C, and maintained at that 

temperature for 36 hours. The solid product resulting was 
washed, and dried overnight at 120°C. XRD of the dried 
product showed that it was mainly MFI with some * BEA present. 
SEM showed two morphologies: spherical crystals of -3EA or 
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MFI, about 100 nm, and flat MFI crystals ranging from 100 to 
700 nm, with practically no twinning. 

By way of comparison, an unseeded synthesis mixture and 
synthesis mixtures seeded with either spherical MFI crystals 
5 (49 ppm, 50 nm diameter) or flat MFI crystals (53 ppm, about 
200 nm in the smallest dimension) were subjected to 
hydrothermal treatment . 

The unseeded mixture produced no crystals after 36 hours 
at 90°C; heating at 90°C for a further 108 hours produced a 
10 very low yield of crystals. SEM showed a very broad size 
distribution, from 1 to 5 jjm, with the smaller crystals 
mainly untwinned but those larger than 2 jam all twinned. 

The MFI seeded mixtures both produced MFI after 36 hours 
at 90°C. The mixture seeded with 50 nm spherical seeds 
15 produced a largely twinned product of a crystal size between 
0.5 and 1.5 pun. The "flat" seeded mixture gave MFI crystals 
between 1 and 2 jam with slightly less twinning than the 
spherically seeded mixture, but still substantially more than 
that seeded by *BEA. 
20 The colloidal *BEA seeds used in this example were 

prepared using the procedure described in Examples 13 and 19, 
using the product of hydrothermal treatment at its original 
concentration . 

25 Example 2 9 

This example illustrates the effect of colloidal LEV and 
colloidal *BEA in the synthesis of ZSM-50 (structure type 
EUO) . The use of colloidal LEV reduces the crystallization 
30 time needed under static condition compared to a synthesis 
mixture seeded with colloidal * BEA . 

A solution A was prepared using the following 
ingredients in the proportions indicated: 
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Al 2 (SO-) 3 . 18H 2 0 18 . 98 

NaOH (98.7%) 27.59 
H 2 0 ' 150.06 

225.06 parts of colloidal silica (Ludox HS40) and 765. 
parts of water were poured together and mixed. Solution A 
was added using 21.38 parts of rinse water. After mixinc, 
solution B, consisting 61.57 parts of hexamethonium bromide 
(R) in 100.49 parts of water was added using 20.82 parts of 
rinse water. To 798.64 parts of the mixture which was 
homogenized were added 3.032 parts of the 4.6 Wt . % colloida 
slurry of LEV of Example 3. The final homogeneous mixture 
with the following molar composition: 



15 2Na 2 O/R/0.17Al 2 CK/10SiO : /401 H 2 0 + 174 wtppm LEV 

was transferred to a 1 litre stainless steel autoclave and 
heated to 150°C over 6 hours. Heating was continued for 168 
hours. The sample was washed and dried and XRD and SEM 
20 showed ZSM-50, elliptical plates of length l|im. 
A mixture with composition 

2Na 2 O/R/0. 17Al 2 O;,/10SiO 2 /401 H 2 0 + 142 wtppm *BEA 

25 was prepared and crystallized in the same way as above. A 
sample was taken after 168 hours of heating at 150°C. XRD 
showed very poor crystal 1 ini ty . After 216 hours of heating 
the crystallinity of the recovered product increased. The 
product was fully crystalline ZSM-50 after 312 hours. 
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CLAIMS 

1. A process for the manufacture of a crystalline molecular 
sieve, which comprises forming a synthesis mixture having a 

5 composition appropriate for formation of a molecular sieve of 
a first structure type and containing seed crystals of a 
second, different, structure type, and subjecting the. seed- 
containing synthesis mixture to hydrothermal treatment for a 
time sufficient and at a temperature appropriate to form the 
10 desired molecular sieve. 

2. The use, in the synthesis of a crystalline molecular 
sieve of a first structure type by hydrothermal treatment of 
a synthesis mixture suitable for the manufacture of that 

15 molecular sieve, of seed crystals of a crystalline molecular 
sieve of a second, different, structure type to control the 
particle size of the product. 

3. The use, in the synthesis of a crystalline molecular 

20 sieve of a first structure type by hydrothermal treatment of 
a synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 
sieve of a second, different, structure type to accelerate 
the formation of the product. 

25 

4. The use, in the synthesis of a crystalline molecular 
sieve of a first structure type by hydrothermal treatment of 
a synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 

30 sieve of a second, different, structure type to effect 

synthesis in the substantial absence of an organic template. 

5. The use, in the synthesis of a crystalline molecular 
sieve of a first structure type by hydrothermal treatment of 
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a synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 
sieve of a second, different, structure type to produce a 
product with enhanced phase purity. 

5 

6. The use, in the synthesis of a crystalline molecular 
sieve of a first structure type by hydrothermal treatment of 
a synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 

10 sieve of a second, different, structure type to direct the 
synthesis to the formation of a desired structure type. 

7. The invention as claimed in any of claims 1 to 6, 
wherein the first structure type is MAZ, CHA, MOR, OFF, MFS, 

15 FER, ERI/OFF, TON, EUO or the zeolite is ZSM-48. 

8. The invention as claimed in any one of claims 1 to 7 
wherein the second structure type, being different from the 
first, is LEV, OFF, MFI, * BEA, MAZ, or CHA. 

20 

9. A process for the manufacture of a crystalline molecular 
sieve of a first structure type, which comprises forming a 
synthesis mixture having a composition appropriate for 
formation of a molecular sieve of a third structure type and 

25 containing seed crystals of a second structure type, and 
subjecting the seed-containing synthesis mixture to 
hydrothermal treatment for a time and temperature sufficient 
for the formation of the first structure type molecular 
sieve, the first, second and third structure types being 

30 different from each other. 

10. A process as claimed in claim 9, wherein the first, 
second and third structure types are CHA, OFF, and FAU 
respectively. 
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11. The invention as claimed in any one of claims 1 to 6, in 
which LEV structure type seeds are used in the manufacture of 
a crystalline molecular sieve of the MFI structure type, of 

5 the CHA structure type, of the OFF structure type, of- the MGR. 
structure type, of the FER structure type, of the EUO 
structure type, or of the ERI/OFF structure type. 

12. The invention as claimed in any one of claims 1 to 6, in 
10 which OFF structure type seeds are used in the manufacture cf 

a crystalline molecular sieve of the CHA structure type, of 
the MAZ structure type, or of the MFI structure type. 

13. The invention as claimed in any one of claims 1 to 6, in 
15 which MFI structure type seeds are used in the manufacture cf 

a crystalline molecular sieve of the MOR structure type. 

14. The invention as claimed in any one of claims 1 to 6, in 
which *BEA structure type seeds are used in the manufacture 

20 of a crystalline molecular sieve of the EUO structure type, 
or of the MFS structure type, or the zeolite ZSM-48. 

15. The invention as claimed in any one of claims 1 to 6, in 
which MAZ structure type seeds are used in the manufacture cf 

25 a crystalline molecular sieve of the OFF structure type. 

16. The invention as claimed in any one of claims 1 . to 5, in 
which CHA structure type seeds are used in the manufacture of 
a crystalline molecular sieve of the OFF structure type. 

30 

17. The use, in the synthesis of a crystalline molecular 
sieve of a first structure type by hydrothermal treatment of 
a synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 
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sieve of a second, di f f erent structure type to produce a 
product with improved crystall ini ty . 

18. The use as claimed in claim 17 wherein improved 
5 crystal 1 ini ty is shown by reduced twinning . 

19. The use as claimed in claim 17 or claim 18, wherein the 
first structure type is MFI and the second structure type is 
*BEA. 

10 

20. The use, in the synthesis of a crystalline molecular 
sieve of a first structure type by hydrothermal treatment of 
a synthesis mixture suitable for the manufacture of that 
molecular sieve, of seed crystals of a crystalline molecular 

15 sieve of a second, different structure type to control the 
morphology of the product of the first structure type. 

21. The use as claimed in claim 20, wherein LEV seeds are 
used to form Linde Zeolite T of disk-like morphology. 

20 

22. The use as claimed in claim 20, wherein OFF seeds are 
used to form Linde Zeolite T of needle-like morphology. 

23. The invention as claimed in any preceding claim, where! 
25 the seeds used are of particle size (least dimension 

measured) at most 500 nm, preferably at most 400 nm, and mos 
preferably at most 100 nm. 

24. A suspension of a LEV structure type molecular sieve, 
30 the mean particle size of which is at most 100 nm. 

25. The invention as claimed in claim 1 or claim 9, carried 
out substantially as described in any one of the Examples 
herein . 
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26. A molecular sieve whenever produced by an invention as 
claimed in any preceding claim. 

5 27. A molecular sieve as claimed in claim 26 in particulate 
or layer form. 

28. The use of the product as claimed in claim 26 or claim 
27 if desired after washing, cation exchange, or calcining, 
10 in hydrocarbon conversion, adsorption, or separation. 



29. Any new feature or new combination of features herein 
described . 
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ABSTRACT 

5 PROCESSES FOR MANUFACTURE OF MOLECULAR SIEVES 



The manufacture of a crystalline molecular sieve of 
given structure type using seeds of a different structure 
10 type. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

BLURRED OR DLLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: __ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto> 

n ior»Toy 



